Anatomo-radiological correlation using 18-FDG-PET in abdominal sepsis model in rats. A preliminary study 1
a tomography, it is an examination of choice by the anatomical details that it is able to demonstrate in cross-sections [11] [12] [13] . In cases of infection, FDG-PET has been useful in the diagnosis of osteomyelitis, spondylitis, infected liver cysts, and other infectious diseases 14, 15 . However, FDG-PET loses specificity because it can enhance any area of high glycolytic activity including trauma, wound, cancer, etc. Currently, the great challenge with FDG-PET has been its high cost. Finally, we do not know of previous studies that evaluated the validity of 18-FDG-PET in animal models of sepsis.
The objective of this preliminary study is to examine the correlation between tomographic images by 18-FDG-PET and photographic images in abdominal sepsis model in rats.
■ Methods
The protocol was approved by the institutional Ethics Committee on Animal Use (protocol nº 003/2015). All experimental procedures were performed based on the guidelines of Brazilian Law No. 11.794 (CONCEA).
Experimental design
Male Wistar rats weighing 265±18g were used. Four animals were submitted to abdominal sepsis by ligature and cecal puncture and, 24 hours later, were examined through Positron Emission Tomography and photographic images of the open abdominal cavity.
Sepsis induction
The rats (n=4) were anesthetized with xylazine associated with ketamine at doses of 10 and 70 mg/kg, respectively, intramuscular. The induction of sepsis by cecal ligation and puncture (CLP) followed the technique used in other studies [16] [17] [18] [19] . Briefly, after shaving and disinfecting the lower quadrants of the abdomen with
■ Introduction
One of the major current public health problems remains sepsis, which persists with high hospital mortality. In sepsis, the infection almost always occurs, resulting in eventual severe systemic response, classified in several stages 1 . Because of its seriousness and rapid evolution, it is important to make quick and accurate decisions to diagnose sepsis, more specifically abdominal sepsis.
Currently, the diagnostic means necessary for a specific and accurate clinical evaluation to clarify whether or not the patients have sepsis has been insufficient in many cases 2 . Establishing an order of effectiveness and complexity, conventional radiography, ultrasonography, computed tomography (CT) and nuclear magnetic resonance imaging (MRI) have been the most widely used imaging tests to attempt the diagnosis of abdominal sepsis. Conventional radiography was very useful in the years 1970-90, and continues with high percentages of false positive and false negative results 2, 3 . Ultrasonography is very affordable in most hospitals and communities, does not have the inherent risks of imaging tests that use x-rays, and since it does not include the use of contrasts, the toxicity of the test is almost nil 6, 7 . CT, when compared to conventional radiography and ultrasonography, has greater sensitivity and specificity. In cases of appendicitis and diverticulitis, it has been shown that MRI is accurate in its diagnosis 8, 9 . In addition, MRI, like ultrasonography, does not include the use of contrast media and does not expose patients to x-ray 10 . 18F-fluorodeoxyglucose (18F-FDG) was initially developed for oncology, specifically for staging and follow-up of cancer patients. 18F-FDG accumulate in infected areas due to high uptake of glucose and its use by leukocytes. FDG-PET has been shown to be useful in the diagnosis of fever of unknown origin. As it is alcohol 70%, a midline laparotomy of 4cm length was performed. A cecal ligation with silk 000 was positioned at the distal third of the cecum. Two perforation of the cecum was performed using a 18G needle. A gently pressure was performed to permit small amount of fecal material in both perforation holes. After repositioning the cecum within the abdominal cavity, the abdomen was sutured in two layers with nylon 4-0 suture. Postoperative pain was controlled with tramadol 10mg/kg s.c. immediately after surgery and every 12 hours.
Imaging with 18-FDG-PETscan in rats
2-[18F]fluoro-2-deoxy-D-glucose (18F-FDG) was purchased from Vilas Boas Radiofármacos (Brasilia-DF, Brazil). Completed 24 hours post-induction of sepsis, rats were anesthetized by the same technique described above. Right femoral vein was dissected for injection. 18F-FDG (22 MBq) 0.2 ml was injected i.v. in each animal, and the dynamic image acquisition started after 40 minutes. The three-dimensional images of Positrion Emission Tomography (PET) were taken in the whole body of rats, using the Preclinical Imaging Albira PET (Bruker, New Haven, CT, USA).
The standard uptake values (SUV) of the tracer represented in PET images were quantified using the PMOD software, considering the organs and regions of interest (ROI) of abdominal cavity under study.
Photographic examination of the abdomen
With animals still anesthetized, euthanasia was performed with an overdose of sodium thiopental (100mg/kg) via intracardiac injection. A large midline laparotomy was performed, for access to the abdominal organs, looking for septic foci and other findings. The abdomen was photographed using a digital camera Sony DSC-HX100V, 16.2 mega pixels, Japan. Quantitative study of lesions areas was performed using Media Cyber ProPlus 5.0 software. Measurement of photographic images were stored for anatomo-radiologic correlation with SUV of micro-PET images.
Statistical analysis
Quantitative variables -area of injury and SUV -were analyzed using Pearson's correlation test, with significance level of 5% using the R software 20 .
■ Results
Septic lesions documented on micro-PET and photo images were analyzed. From each rat, the abdominal organs were imaged using photographic camera, micro-PET coronal image and micro-PET axial image (Figure 1 ). Moreover, a robust correlation was observed between the lesional cecal areas documented by photo images quantified through ImagePro plus software and the SUV, using the micro-PET scan approach. Additionally, inflamedhyperemic intestinal loops were identified.
The mean SUV values and lesion areas were 2.58 ± 0.63 SUVbw g/ml and 546.87±300.95 mm2, respectively. There was a strong positive correlation between the two variables (r=0.863, p=0.137), which resulted in a coefficient of determination r2=0.75, meaning that 75% of SUV variation is explained by the lesion area (Pearson's correlation test).
■ Discussion
Inflammatory and infectious processes are characterized by several pathophysiological mechanisms in which nuclear medicine examinations are based to turn them into diagnostic images. Radiopharmaceuticals are detected in the affected organs depending on these mechanisms, including leukocyte migration and increased vascular permeability in infectious foci 21 . In the last three decades, imaging studies of conventional nuclear medicine were basically planar scintigraphy and scintigraphy using labeled leukocytes 22, 23 . More recently, came the idea of using of positron emission tomography using fluor-18-fluorodexoyglucose (18F-FDG)-PET for clinical diagnosis of infectious and inflammatory diseases 24, 25 . The use of experimental models of sepsis in rodents has given us the opportunity to better understand the pathogenesis, diagnosis and treatment of sepsis. Several parameters involving microbiology, molecular biology and immunogenetics have been employed in studies of abdominal sepsis. However, to quantify the lesions resulting from it, only the imaging tests can offer convincing data, especially when it comes to image coupled with molecular biology. Based on the assumption that there is limited knowledge about the diagnosis of abdominal sepsis with PET, in this study a preliminary study was conducted to correlate abdominal cavity anatomical images with micro PET images in an animal model of sepsis by CLP. Stimulated with the wide use of micro PET images in animal models of abdominal diseases, including tumors and infection, our purpose was to test and validate this technique in the murine preclinical model of abdominal sepsis. Our protocol was able to detect and localize septic lesions in the present model in rats, imitating lesions observed in humans.
Lesions identified on micro-PET were faced up to the photographic images demonstrating a high reliability in lesions identified by differentiating them from normal abdominal anatomy. Furthermore, the computer-based lesional standard uptake values (SUV) had a strong correlation with the integrated lesional areas assessed by the photographic images of the abdominal cavity immediately done after microPET-scan. The spatial resolution on the microPET-scan system was sufficient to correctly identify the abdominal organs, even the unaffected ones. This direct visualization of septic organs To the best of our knowledge, this must have been the first time that a correlation between anatomical images and microPET-scan in abdominal sepsis model was studied in an experimental protocol. Our microPET-scan study allowed a radiological correlation method between the abdominal sepsis using CLP and anatomical reference photographs. Based on these results, future studies will be conducted in this research field. So, this protocol may be very helpful for our learning curve in micro-PET imaging, each time we need to assess septic focus in the abdominal cavity. This will be of great importance in future studies. Clinical benefits of this knowledge will certainly be greater for studing small septic lesions and fever of unknowing origin in future experimental protocols
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. Considering the scarce number of publications on diagnosis of abdominal sepsis by 18 FDG-PET, and little experience with this imaging method, our results support its viability for abdominal sepsis. So, after a short learning curve, the analysis of the PETscan data may become a routine practice in cases of abdominal sepsis by radiological services.
A limitation of our microPET imaging is that despite a relatively high spatial resolution, the anatomic information available with our micro-PET was a little limited. To improve this, we are planning the acquisition of integrated in-line PET/CT system that must provide more accurate co-registered PET and CT images, as pointed for some authors 26, 27 .
■ Conclusion
Micro-PET allows the evaluation of high yield by means of the quantification of damaged areas in the preclinical model of sepsis in rats. This assessment correlates accurately with anatomical lesion images and may be applied for future research.
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